Stable, Unstable and Marginally stable Systems

the total response of a system is the
sum of the forced and natural responses, or

E(I) = Efurced(f) + Enmmul(f}
definitions of stability, instability, and marginal stability:
A linear, time-invariant system is stable if the natural response approaches zero as time
approaches infinity.
A linear, time-invariant system is unstable if the natural response grows without bound as
time approaches infinity.

A linear, time-invariant system is marginally stable if the natural response neither decays
nor grows but remains constant or oscillates as time approaches infinity.

alternate definition of stability, one that regards
the total response and implies the first definition based upon the natural response, 1s

A system is stable if every bounded input yields a bounded output.

We call this statement the bounded-input, bounded-output (BIBO) definition of stability.

Let us summarize our definitions of stability for linear, time-invariant systems. Using
the natural response:

I. A system 1s stable if the natural response approaches zero as time approaches infinity.

2. A system is unstable if the natural response approaches infinity as time approaches
infinity.

3. A system is marginally stable if the natural response neither decays nor grows but
remains constant or oscillates.

Using the total response (BIBO):

1. A system is stable if every bounded input yields a bounded output.

2. A system is unstable if any bounded input yields an unbounded output.



Tests for stability (given the pole locations):

Stable systems:

stable systems have closed-loop transfer functions with poles only in the left

half-plane.

Unstable systems:
unstable systems have closed-loop transfer functions with at

least one pole in the right half-plane and/or poles of multiplicity greater than 1 on the
imaginary axis.

Marginally stable systems

marginally stable systems have closed-loop transfer functions with
only imaginary axis poles of multiplicity 1 and poles in the left half-plane.
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R(s)

Routh-Hurwitz Criterion

(test for stability when given the characteristic polynomial)

N(s)

ags* + azs® + ars? + ays + ag
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Initial layout for Routh table
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Routh-Hurwitz criterion
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The number of roots
in the open right half-plane
Is equal to
the nhumber of signh changes
in the first column of Routh array.




